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Description 

Transmission system 

5 The present invention relates to a transmission system 
and, in particular, to a transmission system having a 
subscriber line, such as an ISDN subscriber line. 



Figure 1 shows an ordinary transmission system or a 

10 circuit arrangement in which a signal transmission line 
102, such as a two-wire ISDN subscriber line, is 
respectively isolated from a transmitter and from a 
receiver by means of a transformer 104, 106. The 
transformers 104 and 106 and the signal transmission 

15 line 102 form a four-terminal transmission network, 
which will be referred to several times below. The 
transmitter has an ideal voltage source 108 and an 
internal resistance (Rq) 110- The ideal voltage source 
108 with the source voltage Uo is connected to the 

20 transformer 104 via the internal resistance 110. At the 
reception end, the voltage Ue is tapped off on a 
terminating resistance (Rq) 112 and is processed further 
in the receiver. The internal resistance 110 of the 
ideal voltage source 108 is normally equal to the 

25 terminating resistance 112. 

The insertion loss of the four-terminal transmission 
network is defined as the ratio of the voltage Ue across 
the terminating resistance 112 to the voltage across 

30 the terminating resistance 112 in the absence of a 
four-terminal transmission network. The voltage across 
the terminating resistance 512 without a four-terminal 
transmission network is equal to half the source 
voltage Uq. The following equation is thus obtained for 

35 the insertion loss: 



H(f) = 



Uo(f)/2 
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Figure 2 shows an example of the insertion loss of a 
four-terminal transmission network as shown in figure 1 
when an ISDN access method is used. In this case, the 
5 ISDN signal transmission line has a length of 6-5 km 
and a diameter of 0-4 mm. The primary inductance of the 
transformers 104 and 106 has a value of 14 mH, and the 
terminating resistance 110 or the internal resistance 
108 of the transmitter has a value of 135 Q (ohms) . By 

10 way of comparison, figure 6 also shows the pure line 
attenuation of the signal transmission line 102. It can 
be ■ seen that the curve for the insertion loss differs 
significantly from the curve for the line attenuation 
only at low frequencies. The reason for this is that 

15 the characteristic impedance of the signal transmission 
line 102 differs relatively greatly from the 
terminating resistance 112 in this frequency range. 

Subscriber access methods involve the use of a duplex- 

20 channel method with echo cancellation and pulse 
amplitude .modulation (PAM) for speeds of up to 
2,5 Mbit/s. The duplex-channel method is an electrical 
duplex transmission method for two-wire lines, in which 
the information in both directions of transmission is 

25 transmitted at the same frequency and in the same time 
slot. The purpose of echo cancellation is to render 
that component of the information from the transmitter 
which reaches the receiver inactive. The methods are 
described in more detail and specified, by way of 

30 example, in ANSI Tl. 601-1998 Integration Services 
Digital Network (ISDN) - Basic Access Interface for Use 
on Metallic Loops for Application on the Network Side 
of the NT (Layer 1 Specification), for the ISDN access 
method, and in ITU-T Q.4/15, "G . shdsl . bis : Draft 

35 Recommendation Text", CS-R15, March 2002 for the SDSL 
method. On the basis of the pulse amplitude modulation, 
a transmission system involves almost complete use of 
the lower frequency range shown in figure 2, with 
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limiting being provided merely by the transformers 104 
and 106 (figure 1) used in the transmission system, the 
cutoff frequency of said transformers being dependent 
on the primary inductance and on the cutoff frequency 
5 of the high-pass filter used in the receiver. Since the 
line attenuation (shown in figure 2) of the signal 
transmission line 102 rises continuously with 
frequency, pulse amplitude modulation allows 
particularly good use to be made of the available 

10 bandwidth. With a given interference environment and a 
particular bit rate, however, the range which can be 
achieved for signal transmission is limited by the line 
attenuation. The range of signal transmission can then 
be increased only by reducing the bit rate or by using 

15 a repeater. 

In the case of the ISDN access method, the range of 
signal transmission is normally increased, by way of 
example, by using a more efficient transmission method, 
20 e.g. SDSL, with corresponding coding, such as trellis 
coding. With an SDSL method, upon reaching the maximum 
range, a further increase is no longer possible, 
however, since more efficient transmission methods are 
currently still not available. 

25 

The object of the present invention is to provide a 
transmission system which permits a greater range for 
signal transmission . 

30 This object is achieved by a transmission system 
according to claim 1. 

The idea underlying the invention is to reduce the 
signal attenuation arising in a transmission system 
35 from the signal source or the transmitter to the 
receiver in a frequency range in which the signals from 
the transmitter are transmitted via the transmission 
system by connecting a complex resistance to the signal 
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transmission line or to tlie four-terminal transmission 
network , 

The invention provides a transmission system having a 
5 signal source which has an internal resistance, having 
a signal transmission line, "one end of which is 
connected to the signal source, and having a 
terminating resistance which is connected to , another 
end of the signal transmission line, the internal 

10 resistance of the signal source and the terminating 
resistance being complex and being chosen such that 
frequency-dependent signal attenuation in the 
transmission system is reduced in a frequency range 
which contains the frequencies of signals which are 

15 produced by the signal source. 

The subclaims contain advantageous developments and 
improvements of the inventive transmission system, 

20 In line with one preferred development, the frequencies 
of the signals produced by the signal source are in a 
lower frequency range. 

In line with another preferred development, the 
25 internal resistance of the signal source and the 
terminating resistance have a complex resistance which 
comprises a series circuit comprising a real resistance 
and an inductance or comprises a series circuit 
comprising a real resistance and a parallel, circuit 
30 comprising an inductance and a capacitance. 

One advantage of this development is that a very simple 
change or adjustment to the transmission system allows 
the range of signal transmission to be increased 
35 without needing to ^reduce the bit rate for signal 
transmission . 
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In line with another preferred development, the 
internal resistance of the • signal source and the 
terminating resistance are chosen independently of the 
transmission bandwidth of the signal transmission line 
5 and/or the symbol rate of the transmitted signals. 

In line with another preferred development, the signal 
transmission line has a great length and/or high signal 
attenuation . 

10 

In line with another preferred development, the 
internal resistance of the signal source and the 
terminating resistance can be set in the transmission 
system on the basis of the frequencies and/or the 
15 symbol rate of the transmitted signals. 

In line with another preferred development, the 
transmission ■ system . also has transformers which couple 
the signal source and the terminating resistance to the 
20 signal transmission line. 

In line with another preferred development, the 

transmission system is an ISDN transmission system, and 

the lower frequency range contains frequencies of below 
25 40 kHz. 

In line with another preferred development, the 

transmission system is an ISDN transmission system, and 

the real resistance has a value of 135 Q and the 

30 inductance has a value of 2.7 mH . 



In line with another preferred development, the signal 
transmission line is an ISDN signal transmission line 
which has a length of between 6 and 7 km. 



Preferred 
invention 
reference 



exemplary embodiments 
are explained in more 
to the appended drawings. 



of the present 
detail below with 
in which: 
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' figure 1 shows an ordinary transmission system; 

figure 2 shows the insertion loss and the line 
5 attenuation in a four-terminal transmission networks- 
figures 3A and 3B show complex resistances for 
connection to a four-terminal transmission network; 

10 figure 4 shows insertion losses in a four-terminal 
transmission network in the case of real or complex 
circuitry; 

figure 5 shows the pulse responses of four-terminal 
15 transmission networks with real or complex circuitry 
and the same length for the signal transmission lines; 
and 

figure 6 shows pulse responses of four-terminal 
20 transmission networks with real or complex circuitry 
and different lengths for the signal transmission 
lines . 

The invention involves the internal resistance 110 
25 (figure 1) of the transmitter and the terminating 
resistance 112 of the receiver being replaced by a 
complex resistance. This allows the signal attenuation 
of the transmission system or the insertion loss of the 
signal transmission line 102 or of the four-terminal 
30 transmission network to be altered and, with suitable 
dimensioning of the complex resistance, reduced in a 
particular frequency range. Figures 3A and 3B show two 
alternatives for complex resistances which are used in 
the invention by way of preference instead of a real 
35 internal resistance and terminating resistance for 
. connecting up the four-terminal transmission network. 
The complex resistance, which is shown in figure 3A, 
has a series circuit comprising a real resistance (Rq) 
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114 and an " inductance (Lq) 116, and the complex 
resistance, which is shown in figure 3B, has a series 
circuit comprising a real resistance (Ro) 114 and a 
parallel circuit comprising a capacitance (Co) 118 and 
5 an inductance (Lq) 120. 

Figure 4 shows the insertion losses in a four-terminal 
transmission network when, in a first case, a real 
internal resistance and a real terminating resistance 

10 as shown in figure 1 are used and, in a second case, a 
complex internal resistance and a complex terminating 
resistance as shown in figure 3A are used. In this 
case, the complex internal resistance and the complex 
terminating resistance are identical, and the real 

15 resistance 114 or effective resistance of each complex 
resistance has a value of 135 Q and the inductance 116 
of each complex resistance has a value of 2.7 mH. The 
signal transmission line has a length of 6.5 km, and 
the value of the primary inductance of the transformer 

20 is 14 mH. Figure 4 shows that, below 40 kHz, the 
insertion loss with a complex internal resistance and a 
complex terminating resistance is reduced as compared 
with the insertion loss with .a real internal resistance 
and a real terminating resistance. For a transmission 

25 system with a symbol rate of 80 kbauds, for example, 
the Nyquist frequency is 40 kHz. This is the frequency 
range which is used for data transmission and for which 
lower attenuation of the transmitted signals is 
obtained with complex circuitry in this case. 

30 

Figure 5 shows the pulse responses at the output of two 
ISDN four-terminal transmission networks, one of which 
has real circuitry and the other of which has complex 
circuitry, as a reaction to a Dirac pulse at the input 
35 of each four-terminal transmission network. The ISDN 
four-terminal transmission networks each have an ISDN 
signal transmission line with a length of 6.5 km and a 
diameter of 0.4 mm. The primary inductance of the 
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transformers 104 and 106 has a value of 14 mH, and the 
ISDN transmission system has a symbol rate of 
80 kbauds . The level of control for the transmission 
signal produced by the signal source is chosen such 
5 that the same effective values of the transmission 
signal are respectively obtained at the inputs of the 
four-terminal transmission networks both for the case 
with a purely real internal resistance and terminating 
resistance and with a complex internal resistance and 

10 terminating resistance. From figure 5, the gain in 
signal-to-noise ratio can be taken approximately from 
the ratio of the peak values of the pulse responses. In 
this case, this gain is approximately 4.4 dB. As shown 
below, the evaluation of such pulse responses allows a 

15 statement indicating an increase in range as a result 
of a four-terminal transmission network having complex 
resistances connected to it. 

Figure 6 shows the pulse responses from two f our- 

20 terminal transmission networks, one of which has real 
circuitry and the other of which has complex circuitry, 
and which have various lengths for their respective 
signal transmission line. In ISDN transmission systems 
with a real internal resistance and a real terminating 

25 resistance and with a diameter of the signal 
transmission line of 0.4 mm, the, maximum range is 
approximately 6 km. Hence, figure 4 shows firstly, the 
pulse response in the receiver for an ISDN transmission 
system with a real internal resistance and a real 

30 terminating resistance (135 Q) and with a length of the 
signal transmission line of 6 km, and secondly shows 
the pulse response in the receiver for an ISDN 
transmission system with a complex internal resistance 
and terminating resistance (135 Q; 2.7 mH) by way of 

3 5 comparison . As can be seen, the maximum values of the 
pulse responses are the same in both cases shown, so 
that approximately the same signal-to-noise ratio is 
obtained. Unlike the ISDN transmission system with real 
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circuitry, however, the ISDN transmission system with 
complex circuitry has a signal transmission line with a 
length of 6. 925^ km. This can be used to derive an 
increase in range for the signal transmission with 
complex resistances which, in this example, is 
approximately 925 m, corresponding to a percentage 
increase in range of approximately 1.5%. Figure 6 also 
shows that, in total, the distortions in the pulse 
response in the case with complex circuitry are 
smaller, despite the increase in the length of the 
signal transmission line, than in the case with real 
circuitry. With optimum dimensioning of the complex 
resistance taking into account the . distortions which 
arise and the downstream equalizer used, it is even 
possible to achieve a greater increase in range. 

The use of complex resistances is particularly suitable 
for the application with correspondingly long lines. In 
the case of the described example of an ISDN 

20 transmission system, the line length should be at least 
approximately 3 km, however. With shorter lines, there 
is. normally an increasing occurrence of distortions 
which can no longer be compensated for by a downstream 
equalizer. The use of complex resistances .can be 

25 applied not just to ISDN transmission systems but 
preferably to all transmission systems with relatively 
long lines or high levels of line attenuation. In this 
case, the possible increase in range is all the greater 
the smaller the frequency bandwidth used. 

30 

Since the use of complex resistances which is described 
here reduces the signal attenuation or the insertion 
loss of a four-terminal transmission network below a 
particular frequency and increases it above this 
35 frequency, for example, it is possible to increase the 
range of the signal transmission in the lower frequency 
range without needing to reduce 'the bit rate. The 
dimensioning of the complex resistance is aligned 



10 
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generally with the desired transmission frequency range 
and with the bandwidth used and hence with the symbol 
rate for a given transmission system. The invention is 
advantageous particularly when a range is required 
5 which is greater than the maximum range normally 
possible for a particular bit rate and there is no 
intention to reduce the symbol rate (bandwidth) or bit 
rate (e.g. ISDN). In these cases, it is possible to 
dispense with the use of a repeater in particular areas 
10 of a range. The invention can therefore be used to 
increase the range of a particular transmission system 
with only little implementation complexity. 

Although the present invention has been described above 
15 with reference to a preferred exemplary embodiment, it 
is not limited thereto but can be modified . in a wide 
variety of ways. 

The invention can be used with any type of transmission 
20 system whose transmission characteristic has a 
frequency-dependent or complex response which can be 
influenced by means of suitable circuitry. By way of 
example, the invention can be used not just for 
conventional two-wire lines but also for other lines, 
25 such as shielded lines, e.g. coaxial cables. 

The. complex circuitry for a four-terminal transmission 
network can be selected automatically on the basis of 
the respective transmission frequency range at present, 
30 the bandwidth of the transmitted signals etc. 



